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ABSTRACT
Aims. With the purpose to investigate the radio emission of new ultracool objects, we carried out a targeted search in the recently
discovered system VHS J125601.92−125723.9 (hereafter VHS 1256−1257); this system is composed by an equal-mass M7.5 binary
and a L7 low-mass substellar object located at only 15.8 pc.
Methods. We observed in phase-reference mode the system VHS1256−1257 with the Karl G. Jansky Very Large Array at X- and L-
band and with the European VLBI Network at L-band in several epochs during 2015 and 2016.
Results. We discovered radio emission at X-band spatially coincident with the equal-mass M7.5 binary with a flux density of 60 µJy.
We determined a spectral index α = −1.1 ± 0.3 between 8 and 12GHz, suggesting that non-thermal, optically-thin, synchrotron or
gyrosynchrotron radiation is responsible for the observed radio emission. Interestingly, no signal is seen at L-band where we set a 3-σ
upper limit of 20 µJy. This might be explained by strong variability of the binary or self-absorption at this frequency. By adopting the
latter scenario and gyrosynchrotron radiation, we constrain the turnover frequency to be in the interval 5–8.5 GHz, from which we
infer the presence of kG-intense magnetic fields in the M7.5 binary. Our data impose a 3-σ upper bound to the radio flux density of
the L7 object of 9 µJy at 10 GHz.
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1. Introduction
Radio observations play an important role to understand the pro-
cesses involved in the formation and evolution of stellar and
substellar objects. In particular, radio emission studies of ultra-
cool objects (late M, L, and T objects; e.g., Matthews 2013;
Kao et al. 2016, and references therein) are relevant to probe
the magnetic activity of these objects and its influence on the
formation of disks or planets. Moreover, the study of ultracool
dwarfs may open a suitable route to the detection of radio emis-
sion of exoplanets: meanwhile no exoplanet has been yet de-
tected at radio wavelengths, an increasing number of ultracool
objects (McLean et al. 2012) show substantial evidence of radio
emission at GHz-frequencies in objects with spectral types as
cool as T6.5 (Kao et el. 2016). But radio detection of ultracool
dwarfs is still a relatively rare phenomenon, and new candidates
are needed to improve the statistics of active cool objects. One
of these targets is the system VHS J125601.92–125723.9 (here-
after VHS 1256–1257; Gauza et al. 2015); this system is com-
posed by a 0.1
′′
equal-magnitude M7.5 binary (components A
and B; Stone et al. 2016) and a lower-mass L7 companion (com-
ponent b) separated 8′′ from the primary pair. The system is rel-
atively young, 150–300Myr, and nearby (12.7–17.1pc), which
locate the low-mass object b near the deuterium burning limit
(Stone et al. 2016). Recently, Zapatero Osorio et al. (2017, in
preparation) have determined a new trigonometric distance of
15.8
+1.0
−0.8 pc for the system using optical and near-infrared im-
ages spanning a few years. This distance is compatible with a
likely age of 300 Myr, which agrees with the strong lithium de-
pletion observed in the high resolution spectra of the M7.5 bi-
nary and the recent age determinations of Stone et al. (2016) and
Rich et al. (2016). In this work, we will adopt these values of
distance and age. Using the bolometric corrections available for
M7M8 and red L dwarfs (Golimowski et al. 2004; Filippazzo
et al. 2015) and the new distance, the luminosities are deter-
mined at log L/L
⊙
= −4.91 ± 0.10 dex for the faint L7 compan-
ion VHS 1256−1257b and log L/L
⊙
= −3.24±0.10 dex for each
member of the M7.5 binary. By applying the luminositymassage
relationship of Chabrier et al. (2000), we infer masses in the in-
terval 1020 MJup (VHS1256−1257b) and 5080 MJup (A and B
components) for the age range 150300 Myr, with most likely
values of 1520 MJup and 7080 MJup at 300 Myr. The interest in
VHS 1256–1257 is obvious for several reasons: first, it is only
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Table 1. VLA and VLBI Observations of VHS 1256–1257
Telescope / Configuration Epoch Frequency band UT Range Beam size P.A. rms Peak
[◦] [µJy] [µJy]
VLA / BnA 15 May 2015 X 05:10 - 06:10 0.78′′ × 0.45′′ −51 3 60
VLA / B 28 Jul 2016 L 00:00 - 01:00 5.66′′ × 3.38′′ −12 7 <21
EVNa 4 Mar 2016 L 22:30 - 04:30 3.1× 2.4mas −64 22 <66
” 27 May 2016 ” 15:30 - 23:30 11.9× 2.2mas −78 30 <90
” 2 Nov 2016 ” 05:00 - 13:00 3.2× 2.3mas −73 31 <93
Notes. a: European VLBI Network using the following antennas: Jodrell Bank, Westerbork, Effelsberg, Medicina, Noto, Onsala85, Tianma65,
Urumqi, Torun, Zelenchukskaya, Hartebeesthoek, Sardinia, Irbene, and DSS63.
the third multiple system in which all three components may be
substellar (Bouy et al. 2005; Radigan et al. 2013); second, the L7
source belongs to one intriguing (not yet understood) population
of very red L dwarfs with likely high content of atmospheric dust
or high metallicity (Rich et al. 2016); third, given their large sep-
aration (8′′), unambiguous observations of the substellar object b
and the central pair AB are accessible by instruments at virtually
all wavelengths, including radio; and fourth, the binarity of the
host system AB will permit the determination of their dynami-
cal masses in a few years, which is essential to fully characterize
the system. Additionally, Gauza et al. (2015) reports detection of
the Hα line emission (656.3 nm) in the primary, which indicates
the existence of chromospheric activity in this M7.5 low-mass
binary, therefore showing ability to sustain significant magnetic
fields, and hence, radio emission.
In this paper we present Karl G. Jansky Very Large Array
(VLA) and European VLBI Network (EVN) observations of
VHS 1256−1257. We describe our observations and report the
principal results, consisting in the discovery of the radio emis-
sion of the central components of the VHS 1256−1257 system.
We also present a study of the spectral behaviour of the detected
emission and set an upper bound to the possible radio emission
of the very low-mass companion VHS 1256–1257b.
2. Observations and data reduction
2.1. VLA observations
We observed with DDT/Exploratory Time with the VLA the sys-
tem VHS1256−1257 at X- and L-band on 2015 May 15 and
2016 Jul 28, respectively. The observation at X-band lasted 2
hours and was carried out in BnA configuration, using an effec-
tive bandwidth of 4GHz (8−12GHz) in dual polarization. The
observation at L-band lasted 1 hour, in B configuration, and us-
ing an effective bandwidth of 1GHz (1−2GHz) in dual polar-
ization (see Table 1). We used 3C286 as absolute flux calibra-
tor meanwhile we performed amplitude and phase calibration
using interleaved observations of the radio source J1254−1317.
Data reduction and imaging were carried out using the CASA1
software package of the NRAO. The standard procedure of cal-
ibration for continuum VLA data was applied. Special care was
taken to flag data contaminated by radio frequency interferences
(RFI) at L-band. The resulting images are shown in Fig. 1.
1 http://casa.nrao.edu
2.2. VLBI observations
The VLA observations explained above confirmed the radio
emission of VHS 1256−1257. This detection triggered VLBI
observations that were carried out with the EVN at L-band
(1.6GHz; see Table 1) with the purpose of constraining both the
origin and properties of the radio emission. Each observation
lasted 6–7 hr and both polarizations were recorded with a rate of
1024Mbps (two polarizations, eight subbands per polarization,
16MHz per subband, two bits per sample). We used the phase-
reference mode and the selected calibrators were J1254−1317
(as primary calibrator, separated 0.5° from VHS1256−1257),
and J1303−1051 (as secondary calibrator, separated 2.7°). The
duty cycle was 1min on the primary calibrator, 3min on the tar-
get, and 1min on the secondary calibrator, with a total integra-
tion time at the target of ∼3.5 hr per epoch.
The data reduction was realized using the program
Astronomical Image Processing System (AIPS) of the National
Radio Astronomy Observatory (NRAO) with standard routines.
Once the final data were obtained, the images were made with
the Caltech imaging program DIFMAP (Shepherd et al. 1994).
We did not detect neither the central M7.5 binary nor the very-
low mass substellar companion at any epoch, establishing an av-
erage flux density upper limit of ∼80µJy (3σ). The interpreta-
tion of these non-detection will be discussed in next Section.
3. Results and Discussion
3.1. The radio emission of the central pair
VHS 1256–1257 AB
Figure 1 revealed a clear detection on 2015 May 15 (X-band) of
an unresolved source with a peak flux density of 60 µJy, which
can be assigned to the primary of VHS 1256−1257, the equal-
mass M7.5 binary. We confirmed this identification by using
both the coordinates and proper motion given in Gauza et al.
(2015) to find the expected position of componentAB at the time
of our observation; this expected position differs only 0.18′′,
about one third of the synthesized beam, from the measured po-
sition in the VLA X-band map in Fig. 1 (the source has moved
∼6.3′′ between Gauza’s epoch and ours). A noise floor of ∼3 µJy
imposes a strong upper bound to the radio emission at the ex-
pected position of the low-mass companion VHS 1256–1257b.
In contrast, we found no detection in any of the components of
the system on 2016 July 28 (L-band), with a 3σ threshold detec-
tion of 20µJy. The flux density measured at X-band implies a ra-
dio luminosity of 1.95×10
−13
erg s
−1
Hz
−1
at 15.8 pc. Assuming
that the flux is originated at only one of the central components
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Fig. 1. Left. VLA image of the VHS 1256−1257 field at X-band. The detected source is readily assigned to the M7.5 binary
VHS 1256−1257AB. The location of the (undetected) L7-object b is marked with a solid white box. The 3σ threshold detection is
9 µJy. The restoring beam, shown at the bottom left corner, is an elliptical Gaussian of 0.78× 0.45 arcsec (P.A. −51
◦
). At 15.8 pc,
the separation between components AB and b corresponds to 128.4AU. Right. VLA image of the VHS 1256−1257 field at L-band.
A solid box, with size that of the X-band image, is centered at the position of the X-band detection. None of the VHS 1256−1257
components is detected at this frequency band. The 3σ threshold detection is 20 µJy. The two bright knots seen in the map at the
NW correspond to known extragalactic radio sources. The restoring beam, shown at the bottom left corner, is an elliptical Gaussian
of 5.66× 3.38 arcsec (P.A. −12◦).
of VHS1256–1257, this luminosity is similar to other single ul-
tracool dwarfs detected with comparable spectral types (M7.5;
McLean et al. 2012). We notice that the figures above are halved
if we consider both components to contribute equally to the ra-
dio flux. We did not detect significant traces of variability or
pulsed emission in the flux density throughout the 2 hr duration
of our observations, which suggests that the detected radio emis-
sion is produced either in quiescent conditions or, alternatively,
during a long-duration, energetic flare. However, the latter pos-
sibility seems unlikely given the low frequency rate of energetic
flares in late M dwarfs (∼0.1/day) recently reported by Gizis et
al. (2017).
Obtaining an estimate of the brightness temperature is diffi-
cult since the resolution of our observations does not provide a
precise estimate of the size of the emitting region. Additionally,
as said above, the fraction of the radio emission which is origi-
nated at each component of the central binary is unknown.Under
the assumption that radio emission comes from a single object of
size 0.12R
⊙
(derived from the models of Chabrier et al. 2000),
we calculate a brightness temperature of 5.4×10
7
K (×1/2 for
equal binary contribution), which is consistent with synchrotron
or gyrosynchrotron non-thermal radio emission (Dulk 1985).
In principle, the low degree of circular polarization (less than
15%) seems to discard coherent mechanisms predicted for ultra-
cool dwarfs (i.e., auroral emissions; Hallinan et al. 2015; Kao
et al. 2016), normally associated to a high degree of polariza-
tion; however, in case that both components A and B contribute
to the radio emission, we notice that the degree of circular po-
larization above would be the result of the combination of both
radio emitters, not reflecting properly the polarization properties
of each one. Further information about the emission mechanism
acting on this object can be obtained from the 4GHz recorded
bandwidth of our X-band VLA observations. In practice, we
produced four narrower-band images of VHS1256-1257 by de-
convolving adjacent 1GHz-bandwidth data sets separately (see
Fig. 2), from which we could obtain an indication of the spec-
tral behaviour of this system between 8 and 12GHz. The corre-
sponding spectral index is α = −1.1±0.3 (S ∝ να), compatible
with optically thin non-thermal synchrotron or gyrosynchrotron
emission from a power-law energy distribution of electrons, in-
dicating, in turn, that strong magnetic fields play an active role
in this system.
If the optically thin regime would hold until frequencies
as low as 1.4GHz, we should have detected radio emission in
VHS 1256–1257with a flux density above 300 µJy (actually, this
was the motivation for the 1.6GHz VLBI observations reported
in Sect. 2.2); however, no flux above 20 µJy is detected at the
nominal position of VHS 1256-1257 at L-band. Ultracool dwarfs
have shown to be strongly variable source in radio (Bower et
al. 2016), therefore arguments of variability could explain this
lack of detection. However, the persistent non-detection in our
VLBI observations (with a noise floor 10 times smaller than the
expected 1.6GHz flux density according to the spectral index
derived) led us to formulate a different hypothesis consisting in
considering that the radio emission is actually self-absorbed at
the frequency of 1.4GHz.
We have further explored this hypothesis following the an-
alytic expressions developed by White et al. (1989; W89) for
gyrosynchrotron radio emission of dMe stars in quiescent con-
ditions, which provide estimates of the spectral index for the op-
tically thick/thin components, and, therefore, the turnover fre-
quency. We notice that synchrotron radio emission is not ruled
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out by our data, but gyrosynchrotron frommidly relativistic elec-
trons seems to be the preferred mechanism for previously stud-
ied M-dwarfs (i.e., Osten et al. 2006; 2009), which in turn justi-
fies the use of W89 formulation. These authors assume a dipolar
magnetic field which scales as B(r) ∝ r−n, with n = 3 and r
the distance measured from the dipole, and a power-law elec-
tron distribution N′(E) which also scales as N(E) ∝ N′o(E) r
−m,
where the index m varies from 0 (isotropic electron distribution)
to m = 3 (= n, radial dependence of the electron distribution be-
ing the same as that of the magnetic field). Taking our measured
optically-thin spectral index (α = −1.1 ± 0.3), which implies an
energy index δ = 2.6, W89 expressions provide two values for
the spectral index of the optically thick component of the radi-
ation, α = 0.6, and α = 1.2, corresponding to the two extreme
cases of m = 0, and m = 3, respectively. With the constraints
above, we can set lower bounds to the turnover frequency of
∼8GHz (m = 0) and ∼5GHz (m = 3), effectively limiting the
turnover frequency to the range 5 – 8.5GHz.
In addition, for gyrosynchrotron emission, the turnover fre-
quency depends strongly of the magnetic field (and very weakly
of the rest of the model parameters, m and n in particular; W89)
in the form B∼150 ν1.3, which provides magnetic field intensi-
ties for the previous turnover frequency range of 1.2–2.2kG.
Interestingly, the previous values agree with M-dwarf magnetic
field estimates derived from theoretical models (Reiners et al.
2010a): from the luminosity and mass reported for the compo-
nents of VHS 1256-1257A and B (Stone et al. 2016; Rich et al.
2016), and using the radius of 0.12R
⊙
the model of Reiners et
al. (2010a) provides values of the dipole field of ∼1.7 kG, well
within the range derived previously. This estimate is near the av-
erage value of the magnetic field intensity found in a sample of
M7–9.5 dwarfs (Reiners et al. 2010b).
3.2. The spectral energy distribution of VHS 1256–1257 AB
Figure 4 shows the complete spectral energy distribution (SED)
of VHS 1256−1257AB covering from VLA through optical ob-
servations. The data at visible, near- and mid-infrared wave-
lengths are taken from Gauza et al. (2015). The observed spec-
trum is conveniently flux calibrated using the 2MASS JHK
magnitudes and the zero points given in Cohen et al. (2003). The
W4 photometry reported in Gauza et al. (2015) is affected by a
large uncertainty indicative of S/N ≤ 4. Therefore, we adopt the
nominal sensitivity limit of theWISE mission at 22 µm (Wright
et al. 2010). The BT-Settl solar metallicity model atmosphere
(Baraffe et al. 2015) computed for Teff = 2600 K and log g= 5.0
[cm s
−2
] is also included in Figure 4 to illustrate the expected
photospheric emission at frequencies not covered by the obser-
vations. The synthetical spectrum is normalized to the J-band
emission of VHS 1256−1257AB. This temperature and surface
gravity are expected for dwarfs near the star–brown dwarf bor-
derline with an age of a few hundred Myr (Chabrier et al. 2000).
They also agree with the spectral type—Teff relationship defined
for high-gravity, ultracool dwarfs by Filippazzo et al. (2015) and
Faherty et al. (2016). The BT-Settl photospheric model extends
from ∼300 up to ∼ 7.5×10
5
GHz and does not overlap in the fre-
quency axis with the VLA observations. A linear extrapolation
of the theoretical SED down to 10 GHz yields a predicted photo-
spheric flux of ∼ 8.3×10−7 mJy. The observed VLA X-band flux
is ∼65,800 times higher than the expected photospheric emission
suggesting that the mechanism responsible for the emission at 10
GHz is extremely powerful.
Fig. 2. VLA images the VHS 1256−1257 system (unresolved
central binary AB) at X-band made from 1GHz subsets of the
total data. From top to bottom, the center frequency is 8.5,
9.5, 10.5, and 11.5GHz, respectively. The peak flux density de-
creases from 63µJy (top) to 45 µJy (bottom image).
3.3. The radio emission of the very low-mass companion
VHS 1256–1257 b
Our non-detection at X-band put a strong upper bound to the
flux density of this L7 object of 9 µJy (3σ). Certainly, the ul-
tracool dwarf samples carried out by McLean et al. (2012) and
4
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VHS 1256-1257 Spectrum
Fig. 3. Spectrum of VHS 12561257 from VLA observations.
The flux densities between 8 and 12GHz correspond to the
maps shown in Fig. 2. The upper bound resulting from the
non-detection at L-band is denoted with a downwards arrow.
The solid lines illustrate two possible spectra, each one made
from a combination of the behaviour predicted by the White et
al. (1989) model of gyrosynchrotron emission (optically thick
regime, showing the two extreme cases, α=0.6 –dashed line–
and 1.2 –solid line–), and a fit to our flux density measurements
(optically thin regime, α = −1.1).
Route & Wolszczan (2013) show that radio detections at GHz-
frequencies are not frequent for objects later than L3.5, which
could be expected by the declining activity of the cooler atmo-
spheres of these objects. Despite this, auroral radio emission
(based on electron cyclotron maser emission mechanism) has
been detected in a number of late L and T dwarfs (i.e., Hallinan
et al. 2015; Kao et al. 2016; Pineda et al. 2017). Could this emis-
sion be expected in VHS 1256-1257b? At a distance of 15.8 pc,
the reported luminosities of the coolest dwarfs detected in ra-
dio (Pineda et al. 2017) would produce a quiescent emission of
∼4 µJy (below our 3 σ detection level). In case of auroral, pulsed
emission, the radio flux would significantly rise up to peaks of
100 µJy, a factor of ∼10 above our detection limit in X-band.
However, we do not see such a peak in our data indicating that,
at the moment of the VLA observations, VHS 1256−1257b did
not show strong levels of auroral activity similar to those seen
in other ultracool dwarfs. Kao et al. (2016) found a strong cor-
relation between radio aurorae and the presence of the Hα line;
however, only 7–13% of the dwarfs with spectral types between
L4 and T8 display Hα emission (Pineda et al. 2016). Given the
absence of Hα in VHS 1256-1257b, the statistics above do not
favor the presence of auroral radio emission in this object.
On the other hand, considering the ∼kG estimate of the mag-
netic field for VHS 1256–1257AB, along with the fact that this
triple system could have formed from collapse and fragmenta-
tion of the same rotating cloud, component b may have also re-
tained high levels of rotation and magnetic field, which eventu-
ally may produce sustainable radio emission, although variable,
explaining our non-detection. Indeed, both the model of Reiners
et al. (2010a) and the scaling law reported in Christensen et al.
(2009) (magnetic field ∝ energy flux, valid for fully convective,
rapidly rotating objects) predict magnetic fields ¿10
2
G for an
object with mass as low as 10–20MJup, and effective tempera-
ture of 800–1000K (Gauza et al. 2015, Rich et al. 2016).
Fig. 4. Observed spectral energy distribution of the unresolved
binary VHS 1256−1257AB from optical wavelengths through 1
GHz. The optical and near-infrared observed spectra (Gauza et
al. 2015) are shownwith a solid black line, while the photometric
observations are plotted as pink symbols: solid circles stand for
actual detections with SNR ≥ 4 and arrows represent 4-σ upper
limits. The filter and passband names are labeled. The horizon-
tal error bars represent the width of the filters. Also plotted is the
BT-Settl photospheric model (gray line, Baraffe et al. 2015) nor-
malized to the J-band flux of VHS 1256−1257AB. This model
corresponds to a cool dwarf with solar metallicity, Teff = 2600 K,
and log g= 5.0 [cm s−2], which are the parameters expected for
an M7.5 source (0.06–0.072 M
⊙
) with an age of a few hundred
Myr (Chabrier et al. 2000).
Additionally, we can estimate the possible radio emission
of VHS 1256–1257b from the Nichols et al. (2012) model.
These authors consider the auroral emission as originating from
magnetosphere-ionosphere coupling currents resulting from an
angular velocity shear in a fast-rotating magnetized object. By
assuming the fiducial parameters given in Nichols et al. (2012)
(corresponding to a Jovian-like plasma), a magnetic field of
∼2 kG, and a rotation period of ∼2 hr (as extracted from the dis-
tribution of brown dwarf rotational periods given in Metchev
et al. 2015), we find that VHS 1256-157b may present auroral
emission with a peak flux density of ∼100µJy, coincident with
the estimate above resulting from Pineda et al. (2017) compi-
lation. However, since the currents proposed by Nichols et al.
(2012) are created through magnetic field reconnections, the
cool atmosphere of VHS 1256–157b may hamper the existence
of auroral emission, as there are evidences that magnetic recon-
nections are not allowed or are suppressed at temperatures below
∼1500K (Gizis et al. 2017).
4. Conclusions
We have reported the detection of radio emission from the
VHS 1256–1257 system. Given the youthness of the system
(∼300Myr), its proximity, (15.8 pc), architecture (a possible
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triple substellar system), and presence of a very low-mass sub-
stellar object at 8
′′
from the primary, this detection appears rele-
vant to study the role of the magnetic field in brown dwarfs. The
radio emission is originated at the central system AB, likely con-
sisting in non-thermal synchrotron or gyrosynchrotron emission
in presence of kG-intense magnetic field. Further monitoring of
the system at intermediate frequencies to those presented here
should confirm our finding that the turnover frequency of the
radiation is located between 5 and 8.5GHz. The use of interfer-
ometers with higher resolution (eMERLIN or EVN at 5–8GHz)
should discriminate if the radio emission originates in one of the
components (A or B), in both (A+B), or perhaps a sort of inter-
action between them. These higher resolution studies will open
the door to a multiepoch astrometric study directed to the de-
termination of the parallax of the system (modest 5-mas precise
positions would result in a 1 pc-precise distance) and, addition-
ally, to precise estimates of the masses of the internal pair via
monitoring of its orbital motion (4.5 yr period for a face-on or-
bit). VHS 12561257b is not seen in our maps; however, despite
our non-detection at the level of 9 µJy, ∼100G magnetic fields
are expected in this 10–20MJup object, therefore the presence
of GHz-radio emission VHS 12561257b should be further ex-
plored, as this would provide useful constraints to the emission
mechanism in the coolest substellar objects.
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